It is shown that gold nanorods (GNRs) can be easily inserted into the supramolecular order of discotic liquid crystals (DLCs) along the director without disturbing their mesomorphism. GNRs embedded discotic nanoribbons, useful for constructing devices like thin film transistors, sensors, etc., are prepared by simple solution processing of GNR-DLC nanocomposites.
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The self-assembling supramolecular columnar phases formed by discotic liquid crystals (DLCs) have been well recognized as onedimensional organic semiconductors useful in many devices like photovoltaic solar cells, light emitting diodes, thin film transistors, sensors, etc.
1- 18 On the other hand, gold nanorods (GNRs) have been extensively studied for their anisotropic properties and their applications not only in materials science but also in biosciences have been sought. 19, 20 Here it is shown that GNRs can be easily inserted into the supramolecular order of DLCs without disturbing their mesomorphism. GNRs embedded discotic nanoribbons are formed simply by solution processing. These DLC-GNR nanocomposites were characterized from UV-Vis spectroscopy, transmission electron microscopy (TEM), polarizing optical microscopy (POM), differential scanning calorimetry (DSC), X-ray diffraction analysis (XRD), scanning electron microscopy (SEM), scanning transmission electron microscopy (STEM) and conductivity studies.
Results indicate insertion of GNRs into the discotic matrix along the director (the long axis parallel to the length of the ribbon). Such supramolecular architectures are useful for constructing devices like thin film transistors, sensors, etc.
Forming nanocomposites of nanoparticles with liquid crystals is an interesting field of study. Many groups have dispersed nanomaterials in the liquid crystalline system to align nanoparticles in an ordered manner while some others have functionalized nanoparticles with liquid crystalline molecules, [21] [22] [23] [24] and also used them as optical bulk metamaterials. 25 We have previously doped the host discotics with carbonaceous, semiconducting and metallic nanoparticles and found interesting changes in their physical properties. [26] [27] [28] [29] [30] A six order of magnitude conductivity enhancement was observed upon doping 1% of a discotic functionalized GNP in a triphenylene (TP) based DLC. 29 Holt et al. also observed a similar enhancement in the conductivity of a TP DLC upon doping 1% of methylbenzene thiol coated GNPs. 31 In this work we succeeded in incorporating the gold nanorods into hexapentyloxytriphenylene (HPT) DLC. Very recently, Liu et al. reported the dispersion of GNRs in a lyotropic LC. 32 High conductivity obtained in these nanostructured systems will be of great importance in the field of organic electronics, as discotic molecules provide highly ordered structures through which charges created can diffuse out while the surface plasmon polaritons, generated on the nanoparticles due to incident light, can be used for plasmonic light concentration as well as for plasmonic light trapping. Previously, Wang et al. have formed nanowires of triphenylene by vapour deposition of triphenylene, 33 similarly Ji et al. prepared nanowires of perylenediimide and naphthalenediimide. 34 Here we show that such supramolecular triphenylene structure can be formed by a much simpler solution process. This provides an alternative to the vapour deposition technique wherein the sample has to be heated to higher temperatures, which would lead to decomposition of the organic molecules. Gold nanorods were prepared following the literature method (see ESI †) and characterized by UV-Vis spectroscopy and TEM (Fig. 1) .
UV-Vis spectra of gold nanorods in aqueous medium have two peaks, a small peak at 515 nm and a peak at 733 nm, which are transverse and longitudinal plasmon bands, respectively, typical of gold nanorods (Fig. 1b) . 35 The band at 515 nm has a shoulder band at 581 nm, which is due to dog bone shape of gold nanorods which have slightly thicker edges compared to the middle portion. 36 The TEM image of gold nanorods (Fig. 1a) shows that the nanorods prepared have an aspect ratio of 2.7, and have dimensions of 40 nm in length and 15 nm in breadth. Three composites viz., 1GNRTP, 2GNRTP, and 5GNRTP having 1%, 2% and 5% GNR, respectively, in HPT were prepared by sonicating dichloromethane solution of two components followed by removal of solvent under vacuum. The UV-vis spectra of pure HPT and doped samples showed similar peaks (Fig. S1, ESI †) , indicating that the addition of gold nanorods does not change the absorption band of triphenylene systems. The plasmon resonance band of gold nanorods was not observed in the spectra of composites, as their concentration was very low.
The mesophase behaviour of the HPT and its composites was deduced by POM, DSC and XRD analysis. All the composites showed liquid crystalline behaviour, POM textures of the pure HPT as well as gold nanorod composites (Fig. 2) showed columnar hexagonal textures, and none of the composites showed any phase segregation indicating that gold nanorods are evenly dispersed in the mesophase.
Differential scanning calorimetry of composites was performed and compared with HPT to analyse the transition temperatures and the enthalpy associated with it (Fig. 3a) . Table 1 lists the melting and clearing temperatures of HPT and its gold nanorod composites. The doped samples show a small increase in melting temperature compared to the pure HPT, while the clearing temperatures are not affected much. This observation shows that gold nanorods stabilize the peripheral alkyl chain melting without imparting any significant effect on core-core packing. Enhanced stability in melting transition could be due to van der Waals interaction between alkyl chains surrounding the discotics and dodecanethiol alkyl chains present on gold.
The X-ray diffraction patterns were recorded for HPT and all composites under the same conditions at 90 1C. One-dimensional intensity vs. 2y and diffraction patterns for pure HPT and composites are shown in Fig. S2 (ESI †) ; all the samples showed a similar plot with Bragg spacings of the first two reflections having a ratio of 1 : 1/O3 typical of a columnar hexagonal phase. There is not much difference found between HPT and composites indicating that the insertion of GNRs does not destroy columnar arrangement of discs.
The undoped HPT sample shows a conductivity of 7. . Samples 2GNRTP and 5GNRTP exhibit similar behaviour. As can be seen from Fig. 3b , increasing the concentration of GNRs increases the conductivity of the composite significantly. In all the cases the conductivity in the mesophase increases with an increase in temperature.
Discotic nanoribbons were formed when a solution of HPT or HPT-GNR composites in chloroform was added to methanol (see ESI †). The resultant material was drop cast on a silicon substrate and a copper grid for SEM and STEM analysis respectively. The STEM images were recorded after about one month of formation of the composites (due to non-availability of the instrument), indicating that the nanostructure was stable for at least a month. Both HPT and gold nanorod composites showed long ribbon-like structures (Fig. 4) formed by coming together of many hexagonal columns. The non-polar alkyl chains surrounding the discs in a polar solvent drive the columnar structure formed by individual discs to come together and form supramolecular aggregates. This leads columnar structures to form a supramolecular ribbon-like structure. These results are in accordance with literature reports. [37] [38] [39] Xiao et al., 37 Che et al. 38 and Koshkakaryan et al. 39 have clearly demonstrated the formation of nanoribbons composed of discotic molecules with the p planes stacking in the direction of the long axis of the ribbon. While Che et al. 38 reported high photoconductivity in the nanoribbons, Xiao et al. 37 fabricated a transistor device using the nanofibers. In our GNRTP nanoribbons, the GNRs can align along the length, width or thickness of the nanoribbons. The dark field STEM image of 5GNRTP nanoribbons (Fig. 5) clearly shows that gold nanorods are aligned with their long axes parallel to the length of the ribbon. GNRs of length B40 nm, same as that observed in TEM, can be clearly seen along the length of the fibers, no bright spots corresponding to the length or width of GNRs are observed along the width of the fibers.
In conclusion, we have shown that hexpentyloxytriphenylene primarily self-assembles into hexagonal structures, which upon proper solution processing can be made to grow into ribbonlike secondary structures. During the growth, these supramolecular structures can trap the gold nanorods present in the solution. Thus forming supramolecular nanocomposites, which show enhanced conductivity owing to insertion of nanorods in ribbon-like structures. SFI Grant No. 11/W.1/I1957 is gratefully acknowledged. 
